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MULTIMI DE ECHILIBRE STACKELBERG
iN JOCURILE DIADICE iN STRATEGII MIXTE

Victoria LOZAN, Valeriu UNGUREANU

Catedra Matematica Aplicata

We consider the problem of determining the set of Stackelberg equilibria for dyadic games in mixed strategies. We
propose an algorithm for determining the Stackelberg equilibria in dyadic games.The main results are formulated and
explained. A procedure for the equilibrium set determining is presented. It is applied to solve illustration examples.

In lucrare se cerceteazi notiunea de echilibru Stackelberg prin detalierea/particularizarea tezelor teoretice
din [1-5] in cazul jocurilor diadice.
Se considera jocul

r :<{172}5X3Y5fi (xay)aﬁ (-xay)>a
unde:
. {1,2} este multimea de jucétori,
* X, Y sunt multimile de strategii ale jucatorulor / si 2, respectiv,
X:{(xl,xz):x1 +x,=1Lx,20,x, 2 0} ,
Y= {(ylayz):yl +y, =Ly 20,y,2 O} ’
L (x, y) 15 (x, y) sunt functiile de castig ale jucatorilor / si 2, respectiv, definite pe produsul
cartezian XxY .

Se presupune, fard a pierde din generalitate, ca toti jucatorii isi maximizeaza valorile functiilor de castig.

. | 4n  ap . by by . .. Ace: : o -

Fie 4 = si B= matricele functiilor de castig. Pentru primul jucétor functia
a, dp b, by,

de castig poate fi scrisa dupa cum urmeaza:

a, a y x=x20, x,=1-x
fl(x’y):(xl xz){ 11 12}{ 1)’ 1 2 1

) Ay [\ ) n=yz20, y,=l-y

fl(xvy):[(an —d), —ay, +a22)y+(a12 _a22):|x+(a21 _azz)y"‘azz;
x=x20, x,=1-x

B bll blz N
S (wy)=(x XZ)L;M sz(yzj’ ¥ =y20, y,=1-y

S (xay) = [(bn —b,—b, +b22)x+(b21 _bzz)]y+(b12 _bzz)x+b22-
Se construieste aplicatia de tip cel mai bun raspuns al jucatorului doi. Daca notam:
IB(X) = (bll —by, = by, +b22)x+(b21 _bzz)s n=>by—by—by+by,,, p=0by —by,

atunci putem evidentia 9 cazuri.

9

pentru al doilea:

3

Cazul I. Daca 17 > 0,z < 0,77 > —p, atunci graficul jucatorului doi este: 4
[0, 1] , dacd x=c, 4
Gr, = [O, 1]>< [0,1] N 1,  daca c<x<l, |
0, daca 0<x<c, >
0 c 1 x
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iar multimea de echilibre Stackelberg este:

SE =

unde f, :(a11 —c121)6'+c121,f2 :(al2 —azz)c+a22,d =

Cazul II. Daca 17 <0, £ > 0,1 > ¢, atunci:

[0,1], daca
Grzz[O,l]x[O,l]ﬂ 0,

1, daca

daca

iar multimea de echilibre Stackelberg este:

xX=c
c<x<l1

0<x<e,

74

daca a,, > f,, f,05,
daca a,, = f, > f,,a,,
daca a,, = f, > f,,a,,,
daca a,, = a,, > f,, 1,
daca a,, = a,, = f, > f>,
daca a,, = a,, = f, < f,,
daca a,, = a,, = f, > f,,

daca a,, = a,, = f, < f,,

daca a,, = f, = f, > a,, sau f, > a, = f, > a,,,

daca a,, > f,, f,,4,,,
daca a,, = f, > f,,a,,,

daca a,, = f, > f,,a,,,

daca ay,, = f, = f, >a,, sau f, > a,, = f, > a,,,

daca f, > f,,a,,,a,, Si a,, # a,,,
daca f, = f, > a,,,a,,,

daca f, > f,,a,,,a,, si a,, # a,,,
daca f, = f, =a,, =a,,,

daca f, > a,, = f, > a,,,

daca f, > a,, = f, > a,,,

daca f, > a,, = a,, > f,,

daca f, > a,, = a,, > f,,

c(azz _an)

ay —dy +c(2a22 —da, _a21)

Y

-
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Cazul III. Daca 77 > 0, 4 < 0,77 = — 4, atunci:

Gr, =[0,1]><[0,1]m{[°»1]a daci x =1

iar

0,1),

(0.1).(e.1)].

(c0).(0.0).

(0.1).(1.0)}.

(LOJUL(0.1).(e.1)]
(LOU[(.0)-(e)JU (1) (0.1)]
(0.0} U[(e.0).(1.0)].

(0.0} U[(e:1).(e.0)JU(.0).(1.0)],
(1), (e.)JUL(e:):(e.0)]:

1,0)

0, daca 0<x <1,

daca a,, > f,, f,.4a,,,
daca a,, = f, > f,,q,,,
daca a,, = f, > f,,a,,,
daca a,, =a, > f,, 1,
daca a,, =a,, = f, > f,
daca a, =a,, = f, < f,,
daca a, =a, = f, > f,,

daca a, =a, = f, < f,,

daca a,, = f, = f, > a,, sau f, > a,, = f, > a,,,

daca a, > f,, f,,a,,,

daca a, = f, > f,,a,,,

daca a, = f, > f,,a,,,

daca a, = f, = f, > a,, sau f, > a,, = f, > a,,,

daca f, > f,,a,,a,, si a,, #a,,,
daca f, = f, > a,,,a,,,

daca f, > f,,a,,a,, si a, #a,,,

)1 (c,l)]U[ c, ,(c,O)]UI:(c,O),(l,O)], daca f, = f, =a,, = a,,,

daca f, > a,, = f, > a,,,
daca f, > a,, = f, > a,,,
daca f, > a,, = a,, > f,,

daca f, > a,, = a,, > f,,

ap, —ay +C(a22 _a12)

a;, —dy +c(a11 —2a,, +a22)

¥

¥
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(
(1
(1
{(0.0),(L1)},
[(0,0),(1,0)].

SE=11(0.0).(10)JU[(L0).(L1)].

{(0.0)}U[(1.0).(L1)].
[(1,0),(1,1)],
1(0,0)fU[(1,4),(L1)],
{(0.0)}U[(1.0).(L.a)].

unde d = 222 _le

Cazul IV. Daca nn <0, u > 0,—n = u, atunci:

[0,1], daca x =1
1, daca 0<x<1

Gr, =[o,1]x[0,1]ﬂ{

si

SE =

Cazul V. Daca n > 0, u = 0, atunci:

[0,1], daca x=0
1, daca 0<x<1

Gr, :[O,I]X[O,l]ﬂ{

iar

daca a,, > a,,,a,,,

daca a, > a,,,a,,,

daca a,, > a,,,a,,,

daca a,, = a,, > a,,,

daca a,, = a,, > a,,,

daca a,, =a,, =a,, sau a,, =a,, <a,,,
daca a,, = a,, <a,,,

daca a, = a,, > a,,,

daca a,, > a,,, a,, > a,,, a,, > a,,,

daca a,, > a,,, a,, > a,,, a,, > a,,,

¥k

1

Y

Y

daca a,, > a,,,a,,,
daca a, > a,,,a,,,
daca a,, > a,,,a,,,
daca a,, =a, > a,,,
daca a, =a, >a,,
daca a,, =a, =a,, sau a,, =a, <a,,,
daca a, =a, <a,,,

daca a,, = a,, > a,,,

daca a,, > a,,, a,, > a,,, a,, > a,,,

daca a,, > a,,, a, > a,,, a,, > a,,,

¥
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a —
unde d = 122
ay —ay

Cazul V1. Daca 7 < 0, u = 0, atunci:

Gr, =[0,1]x[o,1]ﬂ{

si
(1,0), daca a,, > a,,,a,,,
(0,0), daca a,, > a,,,a,,,
(0, ), daca a,, > a,,,a,,,
{(0,1 ,(1 0)}, daca a,, =a,, > a,,,
[(0,0),(1,0)], daca a,, = a,, > a,,,
SE =
[(0.,1),(0,0)]U[(0,0),(1,0)],
{(1,0)}U[(0,0),(0.,1)], dacd a, = a,, < a,,
[(0,0),(0,1)], daca a,, = a,, > a,,,
{(LO)IU[(0.4),(0.1) ],
{(L0)}U[(0.0).(0.4)],
unde d = 42" %2
ay —dy
Cazul VII. Daca 7 >0, u <0,p <—p sau 1 <0, 4 <0 sau 7 =0, u <0, atunci:
Gr, =[0,1]x[0,1]N{0, daca 0<x <1,
iar

[0,1], daca x=0
0, daca 0<x<1

daca a,, > a,,,
daca a,, <a,,,

daca a,, = a,,.

daca a,, > a,,,a,,,
daca a,, > a,,,a,,,
daca a,, > a,,,a,,,
daca a,, = a,, > a,,,
daca a,, =a,, > a,,,
daca a,,
daca a,, = a,, < a,,,

daca a,, = a,, > a,,,

daca a,, > a,,, a,, > a,,, a,, > a,,,

daca a,, > a,,, a4y, > a,,, a;, > a,,,

=04y =4 Sau a,; = a4y, <dy,

daca a,, = a,, =a,, sau a,, =a,, < a,,,

daca a,, > a,,, a,, > a,,, a,, > d,,,

daca a,, > a,,, a,, > a,,, a,, > d,,,
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Cazul VIII. Daca 7 <0, 4> 0,—n7 < £ sau 7 >0, £ > 0 sau 7 =0, £ > 0, atunci:

Gr, =[0,1]x[0,1]N{1, daca 0<x <1,

si

daca a,, > a,,,

daca a,, <a,,,

[(0,1),(1,1)}, daca a,, = a,,.

Cazul IX. Daca 77 =0, 4 = 0, atunci:

Gr,

iar

SE =

=[0,1]x[0,1],

-
—

~ T
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\.
S =
N—
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Exemplul 1.

1 3 2
Fie 4= si B=
-1 1 0

daca a,, > a,,,a,,,0a,,,
daca a,, > a,,,a,,,0a,,
daca a,, > a,,,a,,,a,,,
daca a,, > a,,,a,,,4q,,,
daca a,, = a,, > a,,,q,,,
dacd a, =a,, > a,,4,,,
daca a,, = a,, > a,,,a,,,
daca a,, = a,, > a,,,a,,,
daca a,, = a,, > a,,,q,,,
daca a,, =a,, > a,,,a,,,
daca a,, = a,, = a,, > a,,,
daca a,, = a,, = a,, > a,,,
daca a,, =a,, =a,, > a,,,
daca a,, = a,, = a,, > a,,,

daca a,, = a,, = a,, = a,,.

} matricele functiilor de castig.

f(xy)=2x=2y+1 f,(x,y)=(3x—-2)y—x+2.

2
Deoarece 3>0 si -2<0, ¢ = E , avem cazul I.1.a) = graficul jucatorului II AD?
2

este reprezentat in partea dreapta.
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Revenim la jucdtorul I: y=0= Arg max f, (x,O) = 2x+1=§, x=§,
(x,0)eGry

y:1:>ArgmaXfl(x,l):2x—1=1,x:I,

(x,1)eGry

ye(QU:bxz%,A@nmxﬁ(gdjz—2y+z:%,y=0

(x.)eGry 3
Strategia pentru care valoarea functiei de castig este mai mare este (2,Oj cu cagstigul (z,ij . Conform
3 33

algoritmului, multimea de echilibre Stackelberg este reprezentata pe grafic cu culoare rosie.
Exemplul 2.

23 5 6
Fie 4= si B= matricele functiilor de castig. T Graficul
4 1 3 -1 A o
frcdtoridul doi

F(xy)=(-4y+2)x+3y+1, f,(x,y)=(-5x+4)y+7x-1. 1 @

2
Deoarece -5<0si4 > 0, c = 5 ,avem cazul [.LI.b) = graficul jucétorului II

este reprezentat in partea dreapta. r

ventat ol 41 =
Revenim la jucdtorul I : y =0= 4Arg max f (x,O) =2x+1=3, x=1,
(x,O)eGrz
y=1= Argmaxfl(x,l):—2x+4=4, x=0,
(x,l)EGrz

4 4 1 13 13
e(0,l)=x=—, Argmax f,| —,y |=——y+—=—=2,6, y=0.
7 ( ) (Jc,y%.eGr2 ﬁ (5 yj 5 4 5 5 Y

Strategia pentru care valoarea functiei de cstig este mai mare este (O,l) cu castigul (4,3).

Cazurile evidentiate supra permit si se elaboreze un procedeu de aflare a multimilor de echilibre
Stackelberg. Procedeul a fost programat in Mathematica 7 si publicat in Wolfram Demonstration Project [6].
Infra urmeaza codul programului de aflare a multimii de echilibre Stackelber in jocul diadic in strategii mixte.
k=Thickness[0.02];
r=0.01;
sgq=Graphics[{ColorData["Legacy","Bisque"],Polygon[{{0,0},{0,1},{1,1},{1,0}}1,
Axes— True
, k,Line[{{0,0},{0,1},{1,1},{1,0},{0,0}}],Disk[{0,0},r],Disk[{0,1},r],Disk
({1,1},r],Disk[{1,0},r]}];
sr=Graphics[{RGBColor[.25,.43,.82],Polygon[{{0,0},{0,1},{1,1},{1,0}}1,k,
Line[{{0,0},{0,1},{1,1},{1,0},{0,0}}1,Disk[{0,0},r],Disk[{0,1},r],Disk
({1,1},r],Disk[{1,0},r]}];

A=Graphics[{RGBColor[.6,.73,.36],Disk[{0,0},xr]}];
B=Graphics[{RGBColor[.6,.73,.36],Disk[{0,1},r]}];
P=Graphics[{RGBColor[.6,.73,.36],Disk[{1,1},r]}]1;
Q=Graphics[{RGBColor[.6,.73,.36],Disk[{1,0},r]1}];
AB=Graphics|[{k,RGBColor[.25,.43,.82],Line[{{0,0},{0,1}}1}1;
BP=Graphics[{k,RGBColor[.25,.43,.82],Line[{{0,1},{1,1}}1}1;
PQO=Graphics[{k,RGBColor[.25,.43,.82],Line[{{1,1},{1,0}}11}1;
QA=Graphics[{k,RGBColor[.25,.43,.82],Line[{{1,0},{0,0}}11}1;
AR=Graphics[{RGBColor[.49,0,0],Disk[{0,0},r]}]1;
BR=Graphics[{RGBColor[.49,0,0],Disk([{0,1},r]}];
PR=Graphics[{RGBColor[.49,0,0],Disk[{1,1},r]}]1;
QR=Graphics[{RGBColor[.49,0,0],Disk[{1,0},xr]}]1;
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ABR=Graphics
BPR=Graphics
PQR=Graphics
QAR=Graphics

— o/ /o

GR2[a0 List,b0 List]

{k,RGBColor
{k,RGBColor
{k,RGBColor
{k,RGBColor

—/ /oo

.49,0,0
.49,0,0
.49,0,0
.49,0,0

,Line
,Line
,Line
,Line

{{0,0},{0,1}}
{{0,1},{1,1}}
{{1,1},{1,0}}

]
]
]
] {{1,0},{0,0}}

— — —

[ T S S W—}

—— e e

[ I S S W—}
~e

:=Module[{ml=a0,m2=b0,s,t,c,points,lines,SE, g2},

oa=ml[[1,1]]
s=m2[[1,1]]
f[s#0, c=

;B=ml[[1,2]]
-m2[[1,2]]

(m2[[2,2]]-m2[[2

points:={};
lines:={};

VW=Graphics
WP=Graphics
AV=Graphics
BW=Graphics
VQ=Graphics

[{k,RGBColor|
[{k,RGBColor|
[{k,RGBColor|
[{k,RGBColor|
[{k,RGBColor|

;y=ml[[2,1]]
-m2[[2,1]1]+m2[[2,2]];

111)/s1;

.25,
.25,
.25,
.25,
.25,

.43,
.43,
.43,
.43,
.43,

,Line[
,Line[
,Llne[
[
[

,Line

;O=ml[[2,2]];

t=m2[[2,1]]

{{c,0},{c,1}}
{{c,1},{1,1}}
{{0,0},{c,0}}
{{0,1},{c,1}}
{{c,0},{1,0}}

1}]
1}]
1y17
1}]
1}]

-m2[[2,2]];

14

4

4

4

VR=Graphics [ {RGBColor]|
WR=Graphics [ {RGBColor]|

WPR=Graphics
AVR=Graphics
BWR=Graphics
VQR=Graphics

If[s>0&&t<0&6& (s>-t),

fl=
If

(
(
[
[

(a—y) *c+vy;

=( B-6)*
a>fl&e&&o>f2&&0>6,g92:=Show|[sq, AV, VW, WP, PR] ];

.49,0,
.49,0,
VWR=Graphics[{k,RGBColor]|.
{k,RGBColor
{k,RGBColor
{k,RGBColor
{k,RGBColor

— o/ /o

0]
01,

49,0,01,
.49,0,0
.49,0,0

49 O 0

c+6;

,Disk[{c,0},r]l}];

Disk[{c,1},r]}];
Line[{{c,0},{c,1}}]
Line[{{c,1},{1,1}}]
Line[{{0,0}, {c,0}}]
Line[{{0,1}, {c,1}}]
[ ]

Iy
I
I
I,Line[{{c,0},{1,0}}

fla==fl&&a>f2&&0>6,g2:=Show([sq, AV, VW, WPR] ];
fla==f2&&0>fl&&0>6,g2:=Show[sq, AV, VW, WP, PR, VR] ] ;

—
Hh
L

fla==6&&a<fl&s&a>f2,

g2:=Show[sq,AV,VW,WP,P,A,Graphics[{k,RGBColor]|
*B) / (y=6+c* (2*6-B-Y)

==fl&&fl==f26&f2>5,g2:=Show[sq, AV, VWR, WPR] ] ;
fla==6&&a>fls&a>£2, g2 :=Show[sq, AV, VW, WP, PR, AR]

17

.49,0,0],Line[{{c, (c

)y, {c, 1331310,

If[a==f2&&a<fl&&a>5,g2:=Show[sqg,AV,WP,VWR, P],
If[fl>a&&fl1>f2&&f1>6,92:=Show[sq,AV,VW,WP,WR]]]];

If[a==0&&o>flasa<t2,

g2::Show[sq,AV,VW,WP,P,A,Graphics[{k,RGBColor[

(c*6-c*B) / (y=S+c* (2*5-B-Y)
a==fl&&a<f2&&0>6,92:=Show[sq, AV, VWR, WPR],

f2>a&&f2>f18&8f2>56,92:=Show[sq, AV, VW, WP, VR] ]
=fl&&f1>f2,g2:=Show([sqg, AV, VW, WPR, AR
=fl&&f1<f2,g2:=Show[sqg, AV, VWR, WPR,
=f2&&£f2>fl1,g2:=Show([sq, VW, WP, AVR, P
=f2&&f2<fl,g2:=Show[sq, WP, AVR, VWR, P
fl,g2:=Show[sqg,AVR, VWR, WPR

a==56&6&6=
a==56&6&56=
a==56&6&56=
a==56&6&6=

=f2&&f2==

.49,0,0]
)31,

117
117
A
R]1;

4

]

]
117
1]
1]
1]

’

6>fl&&6>f2&66>a,g2:=Show[sq,AV,VW,WP,AR]];
=f1&&6>f2&&6>0,g2:=Show[sqg,AV, VW, WP, AR, WR] ];

6>fl&&d=

=f2&6&6>a,g2:=Show[sq, AVR, VW, WP] ];

6==f1&&6<f2&&0<6,g2:=Show[sq, AV, WP, VWR,A]];

il
il
il
fl
il
[
fla==56&6&6=
[
£[é
il
f
l6)

If[ (6==

£2&66<fl&&a<d) | | (6==

f2&s&

f2==fls&&fl>a),g2:=Show[sqg, WP, AVR,VWR] ];

If[fl>as&fl==f2&8&£1>5,g2:=Show[sq, AV, WP, VWR] ] ;

80
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points:={{1,1}}/;a>fl&so>f2&80>5;
lines:={{c,1},{1,1}}/;a==fl&s&a>f2&&0>5;
points:={{1,1},{c,0}}/;a==f2&80>fl&&a>5;
lines:={{c,0}, {c,1},{1,1}}/;a==flasa<fl2&&a>s5;
lines:={{c,0},{c,1},{1,1}}/;a==fla&afl==f2&&f2>6;
lines:={{c,0},{c,1}}/;a==f2&&0<fl&&o>5;
points:={{1,1},{0,0}}/;a==6&&0>fl&sa>f2;

lines:={{c, (c*6-c*B) / (y-0+c* (2*6-B-¥) )}, {c,1}}/;a==56&&a<fl&&a>f2;
points:={{c,1}}/;fl>a&&fl>f2&&f1>668a!=0&8a+£2;
points:={{c,1}}/;fl>a&&fl>f2&&f1>5880==5;
points:={{c,1}}/;fl>a&s&fl>f2s&fl>5&80==£2;

lines:={{c, 0}, {c, (c*6-c*B) / (y=-6+c* (2*6-B-Y¥) ) }}/;a==8&&a>fl&&a<f2;
points:={{c,0}}/;f2>a&&f2>fla&f2>66&0!=5&80#f1;
points:={{c,0}}/;f2>a8&f2>flasf2>6&60a==5;
points:={{c,0}}/;f2>a&&f2>fl&&f2>6880==1f1;
points:={{0,0}}/;a==6&&5==f1&&f1>f2;
lines:={{c,1},{1,1}}/;a==6&&6==fl&&fl>f2;
lines:={{c,0},{c,1},{1,1}}/;a==0&&5==f1&&Ff1<£f2;
points:={{1,1}}/;0==0&&6==12&&F2>f1;
lines:={{0,0},{c,0}}/;a==0&8&6==£2&&£2>f1;
lines:={{0,0},{c,0},{c,1}}/;a==0&8&6==£2&&F2<£f1;
lines:={{0,0},{c,0},{c,1},{1,1}}/;a==56&8&6==f2&&F2==Ff1;
points:={{0,0}}/;6>fl&&ad>f28&85>;
points:={{0,0},{c,1}}/;6==f1&8&5>f2&8&6>0;
lines:={{0,0},{c,0}}/;6>fla&ab==£28&&5>;
lines:={{c,0},{c,1}}/;o6==flasab<f28&8&0<5;
lines:={{0,0},{c,0},{c,1}}/;6==f2&8&6<fl&&a<d;
lines:={{0,0},{c,0},{c,1}}/;6==f2&&f2==flasafl>a;
lines:={{c,0},{c,1}}/;fl>a&&fl==£2&&f1>5

If[s<0&&t>06&& (-s>t),
fl=(a-y) *c+y; £2=( B-96) *c+65;
If[y>fl&&y>f2&&y>3,g92:=Show[sqg, BW,VW,VQ,BR]];
If[y==fl&&y>f2&&y>3,92:=Show[sqg, VW, VQ,BWR]];
If[y>fl&&y==£f2&&y>3,g2:=Show[sq, BW,VW,VQ,BR,VR]];
If[y==fl&&fl==f2&&f2>3,g2:=Show[sq,VQ,BWR, VWR]];
If[y==B&&y>fl&&y>f2,g2:=Show[sqg, BW,VW,VQ,BR,QR]];
If[y==B&&y<fl&&y>f2,
g2:=Show[sq,BW,VW,VQ,B,Q,Graphics[{k,RGBColor[.49,0,0],Line[{{c, (B-6-
c*B+c*o) / (B-6+c* (a-2*B+5) ) }, {c,1}}1}11T,
If[y==f2&&y<fl&&y>[3,g2:=Show[sqg, BW,VQ, VWR, B],
If[y==B&&y>fl&&y<ft2,
g2:=Show[sq,BW,VW,VQ,B,Q,Graphics[{k,RGBColor[.49,0,0],Line[{{c,0}, {c,
(B=6-c*B+c*8) / (B-6+c* (a=2*B+6) ) } 11111,
y==fl&&y<f2&&y>3,g2:=Show[sqg,VQ, BWR, VWR],
f2>y&s&f2>fla&f2>3,g2:=Show[sq, BW, VW, VQ, VR] ]
Y==B&&B==£f1&&f1>f2,g2:=Show[sqg, VW, VQ, BWR, QR

If
If
If

4

’

1]

1]
If[y==p&&B==f16&&f1<f2,g2:=Show[sqgq,VQ,BWR,VWR,Q]];
If[y==p&&B==f2&&f2>f1,g2:=Show[sqg, BW, VW, VQR,BR] ] ;
If[y==B&&B==f2&&f2<f1,g2:=Show[sq,BW,VWR,VQR,B]1];
If[y==B&&B==f28&&f2==f1,g2:=Show[sq, BWR, VWR, VQR] ] ;

[ B e B e B e B e B e B |

If[B>fla&B>f2&&3>y,g2:=Show[sqg, BW,VW,VQ,QR]];
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fB==f1l&&3>f2&&3>Yy,g2:=Show[sqg, BW,VW,VQ,WR,QR]];
fIB>fla&B==£26&6&3>y,g2:=Show[sqg, BW, VW, VQR]];
fIB==£16&6&3<£f2&6&Yy<B3,g2:=Show[sqg,BW,VQ,VWR, Q]1];

[ (B==f2&6&B<fl&ay<pB) || (B==f2&&f2==f1l&&fl1>Y),g2:=Show([sq, BW, VWR, VQR] ] ;
flfl>y&a&fl==f2&&f1>3,g2:=Show[sq, BW,VQ, VWR] ] ;

points:={{0,1}}/;y>fl&&y>f2&8&Y>f3;
lines:={{0,1},{c,1}}/;y==fla&y>f2&&¥>f3;
points:={{0,1},{c,0}}/;y>fl&&y==f2&&y>03;
lines:={{0,1},{c,1},{c,0}}/;y==f1la&y<f2&&¥y>f3;
lines:={{0,1},{c,1},{c,0}}/;y==fla&fl==£26&&£2>f3;
lines:={{c,1},{c,0}}/;y==f2&&y<fl&&y>f3;
points:={{0,1},{1,0}}/;y==B&&y>fl&as&y>f2;

lines:={{c, (B-6-c*B+c*8) / (B-+c* (a=2*B+S5) )}, {c,1}}/;y==B&&y<fl&&y>f2;
points:={{c,1}}/;fl>y&&fl>f2&&f1>B&&y!=R&&y!=2;
points:={{c,1}}/;f1>y&&fl>f2&&f1>B&&y==03;
points:={{c,1}}/;f1>y&as&afl>f2&&f1>B&&y==2;

lines:={{c, 0}, {c, (B=6-c*B+c*S) / (B-O6+c* (a-2*B+5)) } } /;y==B&&y>fl&aay<f2;
points:={{c,0}}/;f2>y&&af2>fle&f2>pBa&y ! =p&s&y!=f1;
points:={{c,0}}/;f2>y&&f2>fla&af2>Bas&y==3;
points:={{c,0}}/;f2>ys&f2>flasaf2>p&sy==f1;
lines:={{0,1}, {c,1}}/;y==B&&B==£1&&f1>f2;
points:={{1,0}}/;y==B&&B==f1&&f1>f2;
lines:={{0,1},{c,1},{c,0}}/;y==BasB==Fflasafl<f2;
points:={{0,1}}/;y==B&&B==2&&f2>f1;
lines:={{c,0},{1,0}}/;y==B&&B==f2&&£2>f1;
lines:={{c,1},{c,0},{1,0}}/;yv==B&&B==f2&&12<f1;
lines:={{0,1},{c,1},{c,0},{1,0}}/;y==B&&B==f28&f2==F1;
points:={{1,0}}/;B>f1&&B>E2&&B>Y;
points:={{1,0},{c,1}}/;B==f1&&B>F2&&B>Y;
lines:={{c,0},{1,0}}/;B>fla&pB==L£2&&B>Y;
lines:={{c,1},{c,0}}/;B==fl&&B<f28&&y<A3;
lines:={{c,1},{c,0},{1,0}}/;B==f2&&B<fl&&y<f3;
lines:={{c,1},{c,0},{1,0}}/;B==f2&&f2==Ff16&&F1>Y;
lines:={{c,1},{c,0}}/;f1>ysasafl==f2&&f1>f3

s>0&&t<0&& (s==-t),
5>0&&5>3,9g2 :=Show
B>a&&B>65,g2 :=Show
a>B&&a>6,g2:=Show[sqg, QA, PQ, PR]

il

fl sq, QA, PQ, AR
il

il
fld==a&&5>(,g2:=Show[sq,QA,PQ,AR,PR]];
fl

il

£[é

il

sq, QA, PQ, OR

[ 117
( 117
17

6==p&&6>0,g2:=Show[sq, PQ,QAR] ];

(O==a&&a==03) | | (6==B&&6<a) ,g2:=Show[sqg, QAR, POR] ];
==0&&6<3,g2:=Show[sq, QA, PQOR,A]];

a——B&&B>6 g2:=Show[sq, QA, PQR]];

If[oa>6&&a0>B3&&56>3,92:=Show[sq, QA, PQ,A,Graphics[{k,RGBColor[.49,0,0],Line
({{1,(6-B)/(a=B)}, {1,1}}1}111;

If[B>6&&B>a&&0>0, g2 :=Show[sqg, QA, PQ, A, Graphics[{k,RGBColor[.49,0,0],Line
({{1,0},{1, (6-B)/(a=B)}}1}111;

points:={{0,0}}/;E>0&&5>03;
points:={{1,0}}/;B>a&&B>5;
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points:={{1,1}}/;0>B&&a>5;
points:={{0,0},{1,1}}/;6==a&&56>3;
lines:={{0,0},{1,0}}/;6==LB&&b6>q;
lines:={{0,0},{1,0},{1,1}}/;6==0&&0==3;
lines:={{0,0},{1,0},{1,1}}/; &6==B&&65<a;
lines:={{1,0},{1,1}}/;6==0&&5<f3;

lines: —{{1 O},{l 1}}/;0==P&&3>0;

lines:= 6=-B)/ (a=B)},{1,1}}/;a>6&80>3&8&50>03;
lines: _{{1 0} {1, (6-B)/ (a=B) }}/: B>6&&B>a&&5>0

If[s<0&&t>0&& (-s==t),

If[y>a&&y>5 g2:=Show[sqg,BP,PQ,BR]];
fla>B&&a>y,g2:=Show[sqg,BP,PQ,PR]];
[B>a&&B>Y g2:=Show([sq,BP,PQ,QR]];
fly==a&&y>3,g2:=Show[sq, PQ,BPR]];

[y::B&&y>a g2: —Show[sq,BP PQ,BR,QR]1];
fl(y==a&&a==06) | | (y==a&&y<f3) ,g2:=Show[sq, BPR, PQR] ] ;
fly==p&&y<a,g2: —Show[sq,BP POR,B11];
fla==£&&3>y,g2:=Show[sq, BP, POR]];

If[o>y&&a>B&&y>3,g2:=Show[sqg,BP, PQ,B,Graphics[{k,RGBColor[.49,0,0],Line
({{1, (¥y-B)/(a=B)},{1,1}}1}111;

If [B>yv&&B>a&&y>a,g2:=Show[sqg, BP, PQ, B, Graphics[{k,RGBColor[.49,0,0],Line
({{1,0}, {1, (¥=B)/(a=B)}}1}111;

points:={{0,1}}/;y>a&&y>f3;
points:={{1,1}}/;a>B&&a>y;
points:={{1,0}}/;B>a&&B>Y;
lines:={{0,1},{1,1}}/;v==0&&¥y>f3;
points:={{0,1},{1,0}}/;y==B&&y>a;
lines:={{1,1},{1,0},{0,1}}/;y==a&&0==03;
lines:={{1,1},{1,0},{0,1}}/;y==0&&¥<B;
lines:={{1,1},{1,0}}/;v==B&&y<0;
lines:={{1,1},{1,0}}/;0==B&&B>Y;

lines:={{1, (v=B)/(a=B)},{1,1}}/; a>y&&o>B&&y>p3;
lines:={{1,0},{1, (¥y=B)/(a=B) }}/iB>y&&B>a&&y>x

]

If[s>0&&t==

If[a>6&&0>Y,g2:=Show[sqg, AB,BP,PR]];
fly>6&&y>a,g2:=Show[sq,AB,BP,BR]];
flo>y&&d>a,g2:=Show[sqg,AB,BP,AR]];
fla==y&&a>6,g2:=Show[sq, AB,BPR]];
fla==6&&a>y,g2:=Show[sq, AB,BP,AR,PR]];

[ (a==v&&y==0) | | (a==y&&0a<d) ,g2:=Show[sqg,ABR,BPR]];
fla==6&&a<y,g2:=Show[sq,BP,ABR,P]];
fly==6&&6>a,g2:=Show[sqg, BP,ABR]];

If[y>a&&y>6&&0>6,9g2:=Show |
{{0, (a=8) / (¥=6)},{0,1}}1}]

If[6>a&&6>y&&a>y, g2 :=Show[sqg
[{{0,0},{0, (a=6)/(¥=-6)1}}1}1]

points:={{1,1}}/;o0>6&8&0>Y;
points:={{0,1}}/;y>6&&y>Q;

sq,AB,BP,P,Graphics[{k,RGBColor[.49,0,0],Line
11;

,AB,BP,P,Graphics[{k,RGBColor[.49,0,0],Line
1
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]

points:={{0,0}}/;>yv&&b>a;
lines:={{0,1},{1,1}}/;0==y&&0>5;
points:={{0,0},{1,1}}/;a==6&&0>Y;
lineS::{{OrO}r{Orl}l{1/1}}/;a::Y&&Y::6;
lines:={{0,0},{0,1},{1,1}}/;a==y&6&0<5;
lines:={{0,0},1{0,1}}/;0==6&&0<Y;
lines:={{0,0},{0,1}}/;y==0&&6>0;

lines:={{0, (aa=6)/ (y-6)},{0,1}}/;y>o&&y>5&&0>5;
lines:={{0,0}, {0, (aa=6)/ (y=6)}}/:6>0&&5>Yy&&O>Y

If[s<0&&t==

]

If[(s>0&&t>0) | | (s==0&&t>0)

]

If[(s<0&&t<0) || (5>06&6&t<0&6&

If[3>6&&B>Y,g2:=Show[sqg, AB, QA, QR]

If[6>B&&6>y,g2:=Show[sqg, AB, QA, AR]

If[y>6&&y>f3,92:=Show[sq, AB, QA, BR]

If[B =0&6&3>y,g2:=Show[sqg, AB, QAR] ];
flB==v&&B3>6,g2:=Show[sqg, AB,QA,BR,QR]];
fl
[

[

— —

17
17
17

(B==v&8&y==8) | | (B==6&8&B<Y),g2:=Show[sqg, ABR, QAR]];
If B==v&&B<5,g2:=Show[sqg, QA,ABR,Q]];
If[y==6&&6>3,g2:=Show[sqg, QA,ABR]];

If[y>5&&y>é&&6>6,g2:=Show[sq,AB,QA,Q,Graphics[{k,RGBColor[.

[{{0, (B=6)/(¥y=6)1},{0,1}}1}111;

If[6>B&&0>Y&&B3>Y,g2:=Show[sqg,AB,QA,Q,Graphics[{k,RGBColor[.49,0,0]

[({{0,0},{0, (B=6)/(¥y=6)}}1}111);

points:={{1,0}}/;B>5&&B>Y;
points:={{0,0}}/;5>B&&6>Y;
points:={{0,1}}/;¥y>6&&y>03;
lines:={{0,0},{1,0}}/;B==06&&B>Y;
pOiDtS:Z{{O,l},{l,O}}/;B::Y&&B>6;
lines:={{0,1},{0,0},{1,0}}/; B==v&&y==6;
lines:={{0,1},{0,0},{1,0}}/;B==0&&B<Y;
lines:={{0,1},{0,0}}/;B==v&&B<S;
lines:={{0,1},{0,0}}/;v==06&&5>f3;

lines:={{0, (3-6)/ (¥-6)},1{0,1}}/;¥y>B&&y>5&8&B>5;
lines:={{0,0},{0, (B-6)/(y=38)}}/;:6>B&&S>Y&&B>Y

[
If[oa>Yy,g2:=Show[sqg, BP, PR] ]
If[o<y,g2:=Show[sqg,BP,BR]];
Ifla==y,g2:=Show[sq,BPR]];

(s<0&&t>06&& (-s<t) ),

points:={{1,1}}/;0>Y;
points:={{0,1}}/;0<y;
lines:={{0,1},{1,1}}/;a==y

(s<-t)) || (s==0&&t<0),
If[B3>6,92:=Show[sq,QA,QR]];
If([B<5,g2:=Show[sqg, QA,AR]]

1;

If[B==6,g2:=Show[sqg, QAR]

points:={{1,0}}/;B>6;
points:={{0,0}}/;[B<5;
lines:={{0,0},{1,0}}/;B==0
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If[s==0&&t==0,

]

SE:=Graphics[{{PointSize[Large],RGBColor[.49,0,0]

If[a>B&&a>6&&a>y,g2-—Show

lines:

[sr, PR
Y>B&&y>06&&y>0, g2 :=Show[sr,BR
[

4

117
117
117
117
R

B>a&&B3>6&&B>Yy, g2 :=Show[sr,QR]];

O0>B&&5>0&6&6>y, g2 :=Show[sr,AR] ];

a==B&&0>6&&0>Y, g2 :=Show[sr, POR]];

Y==0&&Yy>0&6&Yy>3,92:=Show[sr,ABR]];

a==y&&a>5&&0>f3,g2:=Show[sr,BPR]];
[sr,QAR]];
[

==a&&0>B&&0>Yy,g2:=Show[sr,AR,PR]];

Y==B&&B>0&&3>6,g2:=Show[sr,BR,QR]1];
a==£&&B==6&&0>Y, g2 :=Show[sr, QAR, PQR] ] ;
a==B&&B==y&&0>6,g2:=Show[sr, BPR, PQR] ] ;
11

]

a==0&6&6==y&&0>3, g2 :=Show[sr, ABR, BPR
Y==B&&B==0&&y>0, g2 :=Show[sr,QAR,ABR] ];

4

il
fl
fl
il
il
il
flo==L&&B>a&&B>y, g2 :=Show
£[é
f
fl
il
il
[
il

a==£3&&B3==6&&6==y,g2:=Graphics[{Thick,RGBColor[.49,0,0],Polygon[{{0,0},

{O 1y, {1,1},{1,0}}1}11;

points:={{1,1}}/;a>B&&a>5&&a>Y;
points:={{0,1}}/;¥y>LR&&y>0&&y>0;
points:={{1,0}}/;B>x&&B>6&&B>Y;
points:={{0,0}}/;56>B&&5>0&8&5>Y;
lines:={{1,1},{1,0}}/;a==B&&a>5&&0>Y;
lines:={{0,0},{0,1}}/;y==0&&Yy>0&&Y>/3;
lines:={{0,1},{1,1}}/;a==y&&o>5&8&0>f3;
lines:={{0,0},{1,0}}/;0==B&&B>a&8&B>Y;
points:={{0,0},{1,1}}/;0==a&&a>B&&a>Y;
points:={{0,1},{1,0}}/;v==B&&B>0&&B>5;
lines:={{0,0},{1,0},{1,1}}/;0==B&&B==5&80>Y;
lines:={{0,1},{1,1},{1,0}}/;a==B&&B==y&&0>5;
lines:={{0,0},{0,1},{1,1}}/;a==56&&6==y&&0>f3;
lines:={{0,1},{0,0},{1,0}}/;vy==B&&B==0&6&Yy>Q;
Z{{O,O},{O,l},{1,1},{1,0},{O,O}}/,'O(ZZB&&Bzzé&&5==Y

,Point[points]},

{PointSize[Large],RGBColor[.49,0,0],Point[lines]}, {RGBColor[.49,0,0],

Thickness[0.013],

Line[lines]}}, ImageSize—{400,400}1];

Grid[{{Show[g2,Axes—>True, PlotRange—>All, ImageSize—>{400,400}1},

{"

"}, {Text@Style["vertices of the set of Stackelberg

Equilibria”,Bold]}, {Text[pointsUlines]}}, ItemSize-{Automatic, {10,1,1,3}},
Alignment—{Center, Top}]

]

Manipulate][

GR2[{{all,al2},{a21,a22}}, {{bll,b1l2}, {b21,b22}1}]1,

Style["elements of payoff matrix A",Bold],

{{all,-5,"a;1"},-10,10,1,Appearance— "Labeled",
, ImageSize->Tiny},
{{a21,-1,"az;"},-10,10,1,Appearance— "Labeled",
{{a22,-4,"a"},-10,10,1, Appearance—- "Labeled",

{{al2,-3,"a;»,"},-10,10,1,Appearance— "Labeled"

ImageSize-Tiny},

ImageSize—Tiny},
ImageSize—»Tiny},

Delimiter, Style["elements of payoff matrix B",Bold],

{{b11,-5,"by:"},-10,10,1, Appearance—- "Labeled",
{{bl2,-3,"b1,"},-10,10,1, Appearance— "Labeled",
{{b21,-1,"b;:"},-10,10,1,Appearance— "Labeled",
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W

{{b22,-4,"by,"},-10,10,1, Appearance— "Labeled", ImageSize->Tiny},
Delimiter,

Style["payoff matrices A and B",Bold],
Dynamic[TableForm[{{ToString[all]<>", "<>ToString[bll],
ToStringl[al2]<>", "<>ToString[bl2]}, {ToStringlazl]l<>",
"<>ToString[b21],ToStringl[a22]<>",

"<>ToString[b22]}}, TableHeadings->{{"1","2"},{"™ 1",

" 2"}},TableSpacing—{2,2}]1]1,SaveDefinitions—>True]

Executia programului poate fi vizualizata direct pe adresa indicata in [6].
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